The problem of calculating the flexural deformation of the laminated core of the stator turbogenerator is examined. The evaluation of the effect of gluing the core sheets on its bending stiffness based on the compliance of the insulating cover sheet of active steel. An impact of pressing effort on the relative movement of the package of sheets is determined. An effect of wear of the insulating layer between sheets of laminated core on its reliability is determined. Conclusions are drawn on how to determine the possibility of extending the life of turbogenerators on the basis of the data obtained. References 8, Introduction. The economic condition of the country makes it impossible to perform the timely replacement of electrical equipment, which has worked on the technical specification operational time of the plant unit. Therefore, the period of its work can be extended only by means of modernization and/or partial replacement of major components. Modernization of turbogenerators (TG) is provided with the increase power in the installed overall dimensions, sometimes performed with replacement of refrigerant. Therefore, in the construction to be upgraded it is necessary to consider the accumulated experience of manufacturing and operation, to exclude all of the factors that lead to the destruction of the assembly machines and units, especially, a stator core, for reliability. Its destructions are the most frequent cause of crashes.
Introduction. The economic condition of the country makes it impossible to perform the timely replacement of electrical equipment, which has worked on the technical specification operational time of the plant unit. Therefore, the period of its work can be extended only by means of modernization and/or partial replacement of major components. Modernization of turbogenerators (TG) is provided with the increase power in the installed overall dimensions, sometimes performed with replacement of refrigerant. Therefore, in the construction to be upgraded it is necessary to consider the accumulated experience of manufacturing and operation, to exclude all of the factors that lead to the destruction of the assembly machines and units, especially, a stator core, for reliability. Its destructions are the most frequent cause of crashes.
TG reliability and durability are reduced due to a complex laminated core structure, vibration, electromagnetic continuous variables, thermal and mechanical loads. Due to the frequent destruction of the cores the researchers are looking for new design solutions for increasing operational reliability TG. The new design is based on the use of new materials and new techniques in the production of technology, on the knowledge of data exploitation and modern trends of development of the theory of the creation of turbogenerators [1] [2] [3] .
The aim of the article is to determine the effect of TG stator core assembly technology to its reliability and the definition of the possibility extending the service life (impact gluing the core sheets on its bending stiffness, impact of pressing forces on the relative movement of the package sheet and wear of the insulating layer between sheets of the laminated core).
The main text of the article. The design quality of the laminated stator core determines its bending stiffness and consequently affects the value of the radial vibration and reliability. The works of many authors are devoted to these issues, [4] [5] [6] [7] [8] , which also show the results of the research physical and mechanical properties of the insulating cover sheet steel. Also, the temperature coefficients of the materials that are used, static and dynamic loads; the presence, size, shape of ventilation ducts between packets impact on it.
Consider the impact on the operational status of the core circuit stacking the stacked sheets and the quality of insulation coatings under the action of forces that cause the flexural deformation and the relative movement of the stacked sheets. Let us allocate part of the laminated core package, where several floors (joints) fall. We represent this part as a straight girder, which is made of rectangular thick electrical steel sheets with a thickness h and isolated coatings δ, Fig. 1 . M -moment of bending forces; H -width of the beam; l -length of the considered area (wave height); n -number the joints, got in area under consideration
We believe in the calculations that the tension in all the sheets is identical. We obtain under the law of pairing shear stresses, that tangential stresses in the cross section are shear stresses, which arise in the longitudinal sections. It is suffice to consider the deformation of the strip in n layers, when the sheets are stacked to overlap by 1/n part of their length, because in the other layers of pattern the same will happen.
Use Zhuravsky formula for further calculations, which allows you to determine the tangential stresses in bending. These stresses arise from the external force P in the points of girder cross section, which are at a distance l from the neutral axis x, Fig. 2 . In the beam appear normal and tangent stresses, which are directed from the edge to the edge of the law paired relationship.
We calculate the shear stresses that occur. Spend two verticals through the beam cross section at a distance dх from one another. Let us note a horizontal section at a distance (h/2-y) of the neutral layer. That is, we select the element with the size: dx, (h/2-y), b. We lay off on the axis х all the forces that act on the system for drawing up the balance equations. The action of elementary tangential force dT=N 2 -N 1 , which is equal
where .
where Q -transverse elemental force of the bending moment that acts on the length of the fixed element (Q = dM/dx). The tangential stresses that arise in the material above the neutral layer is directly proportional to the transverse force, to the static moments square section under consideration, and is inversely proportional to the axial moment of inertia and its width. Then the distribution of tangential stresses over the cross section will be:
Substitute the S z in the formula (1). Define a tangential stress in a selected element based on the fact that the axial moment of inertia for the rectangular cross section is The tangential stresses are the maximum value in the neutral layer; the normal stresses are equal to zero. So the tangential stresses are on the surface of the beam, only normal. It is believed that the transverse carved by area are level and are rotated by the action of the bending moments. But the tangential stresses distort the form of the deformation. Elements of the material between the two cross sections warp the proportion to the magnitude of these stresses. These distortions effect a little on the value of longitudinal deformation of the elements that make up the beam. This allows the use of a formula for the normal stresses:
From beams of rectangular cross-section (Fig. 4,a) an element of length dz is cut out (Fig. 4,b) . Consider the balance of the top of the beams section, where stresses arise due to the difference of bending moments. In order this portion of the beam is in equilibrium (ΣΖ=0), in a longitudinal section of the beam there must be the tangential force dT.
The equilibrium equation of the girder:
where the integration is performed only over the severed part of the cross sectional area of F clip beams (the shaded area in Fig. 4,c) ;
-static moment of inertia of cross sectional area dF of about the neutral axis x:
Assume that the tangential stress (τ yz ), which arises in longitudinal section beams, distributed uniformly over its width (b y ). Then: dT= τ yz ·b y ·dz. Considering that τ yz = τ zy , the tangential stress (τ zy ) in the points in the cross section beams at a distance y from the neutral axis x, can be calculated:
, where , Longitudinal strain and stress have a major importance in the flexural deformation in a solid and glued laminated tool bar, as shown in [8] . We can assume that the tangential stress and normal stresses from deformation along the other axes are missing: σ y =σ z =τ xy =τ xz =τ yz =0.
We believe that the core layers operate only shear and that the longitudinal displacement of points r i (i = 1, 2,… where n -number of the layer) on each sheet of thickness are the same. We obtain from the equilibrium conditions for the laminated section [7] : 
where Е -effective elastic modulus for the electrical steel sheet in the longitudinal direction (Unge modulus), Е = 2·10 5 MPa; G -the shear modulus in the stacked structure (in the «glued layer»), G = 79,3·10 3 MPa. We shall seek solution of the system of equations (2) as the dependence:
where A i (y)·-the amplitude of the movement of the stacked structure along the axis y; λ -a constant which depends on the material (first Lame parameter).
For a particular material λ expressed by Unge modulus E and Poisson's ratio ν:
After a few solution transformations the following can be represented:
where А ik (y) and B ik (y) -the function-coordinates of points along the y axis у in a quantity 2п 2 . The expressions for А iк and В iк present with the use of the coefficient В 0 :
where a k and b k -the numerical coefficients.
The solution of system (4) can finally be written:
The average cross-section of each sheet is not corrected due to the symmetry of the tensions distribution. Therefore, we can write for the case of even n:
The function В 0 (у) is a linear function of the coordinates у according to the equation (10). The dependence of the В 0 (у) expressed in terms of stress, rather than through the angular movement.
It can be concluded from the relation (6), which in laminated beams, as in the continuous beams, tensions adjustment section is distributed linearly. Then the function В 0 (у) can be represented:
where С -the coefficient of proportionality.
We determine its meaning, assuming that the bending moment along the length of the beam is constant:
where σ 0 -the maximum value of the bending stress in the continuous bar in the same section as laminated beams, and the same value of the bending moment. Then:
The shear stresses in the insulating layer will be the greatest in the corners of the steel sheets, [8] :
If we assume that the relative displacement along the x axis for the two points of outer surface of located at a distance l from one another for a continuous beam at y = H/2 is:
then laminated to the bar is the offset that can be presented subject to the availability of the axial displacement of the joints of two successive sheets in a layer (the first three summands), and the presence of the relative displacement of the edges of the sheet (last summand):
From equations (5), (6), (12) it follows that:
Then on the grounds of (9) and (13):
The ratio of ΔR/ΔR 0 characterizes increase flexural laminated steel bar compliance compared with a solid rod in the same cross-sectional. Consider the three schemes laying steel sheets lapped by 1/2, 1/3 and 1/4 of the sheet (respectively, n = 2, 3, 4). Finally, we get:
Thus, the relative pliability laminated timber (ΔR/ΔR 0 ) are determined by the longitudinal length and the thickness of sheet, method of laying, the strength characteristics of steel and the thickness of the insulating layer. The pliability decreases with an increasing length of the sheet. This dependence to the insulation layer is not present. And maximum tangential stress is proportional to the maximum bending stress in the steel.
If laminated core packets are not glued and are pressed only by uniform pressure р 0 , the bending deformations cause the slip of sheet steel in the area of junctions (Fig. 5) . 
 in zones 2 and 3:
where f -coefficient friction of sliding steel on steel.
Consider a turbogenerator TGV-225-2. Let us substitute in the formula (17) such values as Е=2·10 5 МPa, δ=0,3 mm, h=0,5 mm, l = 40 mm, G=79,3·10
2 МPa. The number of layers selected for calculation is equal to п=2;3;4. The calculation results are shown in Table 1 . The solution of equations (17) and (18) shown later (the first index -the number of the sheet, the second -the number of the zone where bending occurs): 
, where ε -the elastic deformation of the sample, which causes a voltage (it equals the ratio of change of the sample size after deformation to its initial size).
Most commonly the relationship between stress and deformation is linear (Hooke's law): σ = ε·E.
The values of the coefficients of equations (19) can be obtained from the condition that the deformation is symmetrical, using the boundary conditions (20) 
where α -angular deformation (rotation angle of a bar cross-sections at a height y from the middle cross section), degrees: 
If necessary to consider only the α and the angular deformation of the system there is no relative sliding, the bending moment in the angular area of deformations can be calculated:
The relative increase in the flexural suppleness laminated element can be calculated as the ratio of М(α) to М 0 (based on the presence of the insulation between the sheets and the possible the relative sliding of the sheets):
